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Project Abstract
What was the purpose of this research? What were the planned outcomes? What did you do to achieve them?
What were the actual outcomes?

The purpose of the project was the establish an iPSC line at WSU to provide current and
future students with stem cell culture training and experience. Another purpose of this
project was to optimize freezing, thawing, propagation, and neural differentiation protocols
for future students to use at WSU. The planned outcomes were final protocols, vials of
frozen cells to be maintained in the biology department, and a presentation seminar to
inform others about this project and the potential uses of stem cells at WSU. To achieve
these outcomes, I received a vial of cells from the Allen Cell Institute, I propagated/cultured
the cells for extended periods of time, and I froze vials of cells for future use. To optimize
protocols, I followed the protocols and tested various variables to find what worked best for
neural differentiation. Results allowed me to write up neural differentiation protocols, which
students can use in the future as well. Once these processes were complete, I created a
presentation, which I gave in a seminar format on April 21st at 1 pm in PA 337. The
seminar was well attended by students and faculty in-person and virtually via Zoom.
Through this project students also gained experience working with stem cells, including
through the BIO 427 course, and myself.
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Stem Cell Modeling of Human Disease: Project Abstract
Many biomedical research projects include the use of animal models for studying human disease.
However, animal models have many limitations, especially in studying complex and
multifactorial disorders, such as Autism Spectrum Disorders (ASD). Stem cells are beginning to
become more prevalent in research as a new method of modeling complex diseases. However,
many undergraduates are not given the opportunity to receive training in the culture of stem
cells, which leaves many students not meeting the qualifications for hire in research-based jobs.
This project aimed to establish a human iPSC line at WSU to provide stem cell culture training
opportunities to students this year and in the years to come. An additional goal of this project
was to optimize protocols related to culture, freezing, thawing, propagation, and differentiation
of stem cells, to help students successfully complete stem-cell-based projects. Goals to establish
a human iPSC line and optimize protocols were met, which resulted in approximately 40 vials of
hiPSCs and complete protocols for future student use. Additionally, students received training
and experience working with stem cells throughout the spring 2022 semester, including students
in the Biology 427 (Neurobiology) course. Most importantly, having an available stem cell line
at WSU will provide students with the same training opportunity in the coming years while also
preventing the need for purchasing additional vials of expensive stem cells. To inform the public
about the introduction of stem cells to WSU’s biology department, I gave a seminar presentation
to the biology department, which was well attended by biology faculty and students. This
presentation provided an opportunity to teach students about stem cells, outline the project from
start to finish, provide results and observations about the process, and explain future research
opportunities for students who wish to utilize the stem cell line in subsequent years. A copy of
the presentation will also remain at WSU for students and faculty to reference. Lastly, I gained a
lot of experience from the project, including stem cell culture experience and the opportunity to
work independently on a research project. These experiences will help me in my future
endeavors, such as working in research and applying to graduate school.

Stem Cell Modeling of
Human Disease
Kristian Kennedy

Stem Cells
✘ Stem cells are undifferentiated cells
✘ Most cells in the body originate from stem cells
✘ Stem cells are pluripotent- they can become any cell type in the body
✘ Induced Pluripotent Stem Cells (iPSCs) are cells that are induced to be
pluripotent via the addition of pluripotency factors
✘ Stem cells differentiate when they become specific cell types
✘ Stem cells can be used to study diseases and disorders outside of the
human body
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Culturing Stem Cells
✘ Stem cells are fed media that contains nutrition
✘ Stem cells divide rapidly and need to be reduced in density
✘ Passaging reduces density by splitting the number of cells on a plate
✘ Different passage ratios can be utilized
✗ Example: 1:20 passage1 cell from a larger dish of 20 cells is transferred to a new dish
✘ Stem cells can be too dense
✗ Plates that are too dense create stress on the cell
✗ Cells can die or differentiate too soon if a plate is too dense
✘ Factorscan be added to cells to force them to become a specific cell
type
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Plates and Dishes
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Language
✘ Propagating/propagation: Culturing and expanding a cell line under sterile conditions
✘ Passage/Passaging: Moving cells from a dense dish to a new dish
✘ Differentiation: Process of stem cells becoming a specific cell type
✘ Plate/dish: Cell culture vessel or container
✘ Seeding/Seed: Addition of cells to a plate or dish for culture purposes
✘ Feeding: Changing cell media to ensure proper cell nutrition
✘ Aliquot: Splitting up larger liquid volumes into smaller volumes for storage
✘ Induction: Inducing differentiation by adding factors
✘ Substrate: Material the cells binds to on a surface- introduced artificially outside the
body

✗

Examples: Vitronectin coating and Laminin coverslips
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1.
2.
3.
4.
5.
6.
7.
8.

Project Goals
Establish a human-iPSC line at WSU
Optimize propagation, freezing, and thawing protocols
Find more cost-effective ways to complete the project
Establish neural differentiation protocols
Work with Neurobiology (BIO 427) students
Research biological framework and methods of modeling ASD
Develop lab skills that will help me in future endeavors
Establish the next possible steps for stem cells at WSU
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Goal 1: Establish human-iPSC Line at WSU

Propagate
Thaw cells
onto 10 cm
dish
Obtain
iPSCs
from
Allen
Institute

Passage and
repeat
propagation
procedure

Freeze cells
as desired

2 Batches of
Frozen cells- 40
vials of frozen
cells for future
student use at
WSU

Cell Colonies

Progression from thawing to right before first passage
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First Passage

9

Freezing
-80 for 24hours in
freezing
device

Add to
Cryovials

Resuspend
Cells in
freezing
media
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Liquid
Nitrogen
indefinitely

Goal 2: Optimize Thawing, Propagating, and
Freezing Protocols
✘ Tested protocols through thawing, propagating, and
freezing cells
✘ Establish best practices
✘ What worked? What did not work? What could be better?
✘ Feedback from outside sources
✘ Combine information from product manufacturers for
ease of use
✘ Maintain copies at WSU for future use
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Goal 3: Find More Cost-Effective Methods for
Completing the Process
✘ Media (mTESR)- $500 per
500 mL bottle
✘ Cells- $700 per vial
✘ Vitronectin coating plus
Buffer (substrate)- $150
✘ Plates/dishes- $50-$100

Plating

Every other
day feeding
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Feeding

Aliquot
and
Freeze

Limit
propagation and
passage cycles

6 cm dishes
or 6-well
plates

Propagation
Passage
Cycling

Aliquot and
freeze
materials

Goal 4: Establish Neural Differentiation
Protocols
Sub-Goal: Utilize previously frozen iPSCs to determine
the effect of freezing and thawing on pluripotency
1. Thaw cells
2. Propagate
3. Seed into 12-well plates
4. Test existing neural differentiation protocols across
multiple conditions
5. Use results to optimize the base protocol provided by
Heather Nelson
13

Optimize Protocols by Utilizing Test
Conditions
Utilized provided established neural differentiation
protocols
✘ Substrate
✘ Timing of beginning induction
✘ Cell density
The protocol was completed over the course of 12 days
14

2 Days Post-Thaw

Cells from Batch 1

15

Cells from Batch 2

**Morphology of colonies indicates continued pluripotency.

Seeding
1.
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Count cells in suspension using an automated cell
counter suspension

Seeding Continued
2. Determine the desired number of cells per well
11,111 cells/well

33,333 cells/well

100,000 cells/well

1,200 cells/well

3,700 cells/well
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Seeding Continued
3. Utilize cells per volume (mL) value provided by cell
counter and desired cell/well density desired to
determine dilutions needed
4. Complete serial dilutions to achieve desired cell counts
per well
5. Seed cells into 12-well plates
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Induction Timeline
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Day 0
Seeding

Day 5
Base
Media

Day 6
Base
Media

Day 11
Base
Media

Day 1
Factors

Day 4
Factors

Day 7
Base
Media

Day 10
Base
Media

Day 2
Factors

Day 3
Factors

Day 8
Base
Media

Day 9
Base
Media

Day 12
Microscopy

Factors
**Factors are substances that induce neural differentiation by activating and
inhibiting proteins, in a manner that is required for neuronal formation and growth.
**Factors and order of factors was not changed from the base protocols.
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Results

21

22

23

24
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Results
Observable differences based on substrate utilized:

✘ Density of cells
✘ Number of neurons produced
✘ Death rate of cells
✘ Timing of differentiation
Observable differences based on the timing of induction:
✘ Density
✘ Rescue of sparse wells
Observable differences based on cell plating density:
✘ Cell death
26

Results and Recommendations
Follow Protocols
Density
• 3,000-10,000 cells per well
• Start even less dense and wait for 24-hours to add factors

Substrate
• Vitronectin: Start less dense
• Laminin: Watch for earlier neuronal growth.

Goal 5: Work with BIO 427
Dr. Hines and I worked with BIO 427
students on stem cell propagation
and differentiation.
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Goal 6: Research Biological Framework and Methods of Modeling ASD

Research
biological
and genetic
mechanism
of ASD

Tie in stem
cell-based
modeling
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Research
Review
Paper

Research- Rodriquez-Gomez et al (2021)
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Goal 7: Develop Skills to Aid in Future
Endeavors

Gathering information on
a topic, integrating
information, writing a
research review paper

Planning for future
needs, maintaining
supply inventory,
communicating needs,
anticipating future
problems

Applied Lab
Skills

Pipetting, sterile
technique, serial dilutions,
using automated cell
counters, plating,
preparing reagents, etc...

Working
Independently

Working independently on
a project, following
through on project needs,
and asking for help when
a problem is too large

Research
Skills

Organization

Critical
Thinking
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Solving lab problems,
forming hypotheses,
asking questions,
obtaining answers

Goal 8: Establish Possible Next Steps
for Students at WSU
Frozen WT
Cells

Antibody
Markers
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Determine the
type of neurons
present

Quantify
success of
differentiation

Goal 8: Continued
Frozen WT
Cells

Use CRISPR
CAS 9 to Knock
Out Genes

SHANK Family
Genes
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MECP2

NRXN Family

Goal 8: Continued
Obtain ASD
Line

Staining

Observe
synapse
behavior
34

Fluorescence
Imaging

Compare
Imaging to WT
Line

A Bit About My Future Plans…
✘

I was hired in a Research Technologist Position at Mayo Clinic

✘

I will work with Dr. Peter Harris and his team in the PCKD Lab

✘

✘
✘
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The lab focuses on the genetic and environmental
determinants of PCKD
This will involve animal and cell-based work
Eventually, I hope to pursue a graduate degree in genetics or
genetic counseling

Acknowledgments
BIG THANK YOU TO…
✘ Student Grant Committee
✘ Dr. Hines
✘ Claudia Preston
✘ Erika Vail
✘ Heather Nelson
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Thank you for coming!!

Any
Questions??
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Resources
✘ Rodriguez-Gomez, Diego Alejandro, et al. “A Systematic Review of Common

Genetic Variation and Biological Pathways in Autism Spectrum Disorder.” BMC
Neuroscience, vol. 22, no. 1, 9 Oct. 2021, pp. 1–12. Academic Search Premier,
EBSCO Host, https://doi.org/10.1186/s12868-021-00662-z. Accessed 13 Feb.
2022.
✘ Allen Cell Institute protocols
✘ Thermo Fischer Scientific product materials and protocols
✘ Base differentiation protocols provided by Heather Nelson
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hiPSC Culture and Freezing Protocols
**This protocol was adapted from the Allen Institute of Cell Science’s “Culture and
Freezing Methods for WTC Derived AISC hiPSC Lines”
Required reagents:
• Complete mTESR1 culture media- 400 mL mTESR1 basal media with 100 mL 5X
supplement with 5 mL Penicillin/Streptomycin
• Rock Inhibitor (Ri) [10mM]stock reconstituted in DMSO per manufacturer instructions
• DPBS, without Ca++ or Mg++
• StemProâ Accutase
• KnockOut SR (Serum Replacement)- “KSR” for freezing
• Vitronectin XFä- for plate and dish coating
• CellAdhereä Dilution Buffer- for use with Vitronectin XFä for plate and dish coating
• Plastic culture dishes
• Plastic 12-well or 6-well plates, depending on preference
• Mr. Frosty freezing container, or alternative freezing device
• CryoVials with rubber gasket and internal threading for freezing
• DMSO
• Ethanol to maintain sterile technique
Recommended Equipment:
• Sterile hood
• 37-degree sterile incubator
• 37-degree water bath
• -80-degree freezer
• Liquid Nitrogen tanks
• Centrifuge capable of reaching 211 x g
• Phase-contrast microscope with 4X and 10X objectives
• Serological pipettes and tips (2-50 mL)
• Micropipette (2-1000 µL)
Reagent Storage Recommendations:
**Recommendations can be found on company websites, which are cited at the end of this
protocol.
• mTESR complete media can remain in the fridge (protected from light) for 7-14 days.
o Alternatively, complete media can be frozen in aliquots for use past 14 days.
o Unmixed media can remain in the fridge until the expiration date is reached.
o 5X supplement can remain in the freezer until the expiration date is reached.
o 5X supplement must be mixed with basal media once thawed.
o 5X supplement must be thawed completely at room temperature or 2-8°C
overnight before mixing with basal media and Pen/Strep.
o Bring to room temperature before using with hiPSCs.
• ROCK Inhibitor (Ri) in desiccated form can be stored at room temperature, out of
sunlight.
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o Ri is reconstituted in DMSO at 10mM, according to product instructions.
o After Ri is reconstituted in DMSO, aliquots must be frozen at -20°C.
o Avoid repeated freeze-thaw cycles.
Accutaseâ can be stored at 2-8°C for up to two years if adequately protected from light.
o Must be thawed at room temperature or at 2-8°C overnight.
o Must be warmed in a 37°C water bath before being used on hiPSCs according to
protocol.
KnockOutä SR can be stored at 2-8°C for 4 weeks, protected from light.
o Thaw overnight at 4°C or in 37°C water bath with gentle swirling.
o KSR may also be aliquoted and stored at -20°C.
o Avoid additional freeze-thaw cycles.
Vitronectin XFä must be stored at -20°C.
o Thaw at room temperature.
o May store thawed Vitronectin at 2-8°C for two weeks (14 days).
o Alternatively, aliquot and store at -20 or -80°C.
o Avoid additional freeze-thaw cycles.
o Diluted Vitronectin (in CellAdhereä Dilution Buffer) must be used immediately
or discarded.
CellAdhereä Dilution Buffer must be stored at 2-8°C until the expiration date on the
bottle.
o Buffer must come to room temperature before use with Vitronectin XFä.
DBPS can be stored at 2-8°C.
DMSO must be stored at room temperature.
Pen/Strep should be frozen in aliquots at -20°C.

Steps before starting:
1. If passaging, check that morphology of cells is consistent with known, good hiPSC
morphology. Cells should be at 75% confluency for passaging and freezing. Figures are
shown at the end of this protocol for reference.
2. If needed, prepare fresh mTESR1 media:
a. Thaw 5X supplement at RT for 4-6 hours, or at 4°C overnight (see storage section
above).
b. Combine 5X supplement with 400 mL mTESR and 5 mL Pen/Strep.
3. Bring mTESR media to RT.
4. Warm Accutase in 37°C.
5. Label all vessels with date, initials, passage number, and any other indicators as
necessary.
6. Prepare mTESR + ROCK Inhibitor (Ri). mTESR + Ri should be used with cells for 24
hours after passage or thaw to promote survival of cells.
a. Dilute Ri at 1:1000 in mTESR.
b. Mix by pipetting.

Kennedy (2022)
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Table 1: Vessel Formats
Vessel
Formats

Vol.
Media
(mL/well)

Vol.
Accutase
(mL/well)

Vol.
DPBS for
trituration
(mL/well)

Vol.
DPBS for
final wash
(mL/well)

Vol. media
Cell
to resuspend Plating
pellet
Density
(mL/sample)

Days to
70%
confluency

10 cm
dish
6 well
plate
24 well
plate
96 well
plate
T25
flask
T175
flask

10-12

3

3-7

7-8

10

3-4

2-4

1

1-4

2-3

3-4

500K1M
50-100K

1-2

0.5

1

1

n/a

20-40K

3-4

0.15-0.2

0.04

0.170

n/a

n/a

2.5-4K

3-4

5

2

2

4

5-7

350K

3-4

25-40

10

20

20

25

1.5-3M

3-4

3-4

Methods:
Vitronectin XFä Coating
**This protocol was adapted from the STEMCELL TECHNOLOGIES Vitronectin XFä
Protocol
1. Thaw Vitronectin XFä at room temperature.
2. Dilute Vitronectin XFä in CellAdhereä Dilution Buffer to reach a concentration of
10µg/mL.
a. 40µL of Vitronectin XFä per 1 mL of CellAdhereä Dilution Buffer
b. Use polypropylene conical tube for the dilution.
3. Gently mix diluted Vitronectin XFä. Do not vortex.
4. Immediately use diluted Vitronectin solution to coat cultureware. See table 1 for
recommended coating volumes.
Table 2: Recommended Volumes for Coating Cultureware
Cultureware
Volume of Diluted Vitronectin XFä
6-well plate
1 mL/well
12-well plate
0.5 mL/well
100 mm dish (10 cm)
6 mL/dish
2
T-25 cm flask
3 mL/flask
T-75 cm2 flask
8 mL/flask
5. Gently rock cultureware back and forth to spread Vitronectin XFä solution evenly across
surface.
6. Incubate at room temperature for at least one hour before use. Cover with parafilm to
prevent evaporation.

Kennedy (2022)
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a. Cultureware can be stored for 1 week at 2-8°C, sealed with parafilm.
b. Sealed cultureware can be stored in a sealed plastic container as well, to further
prevent evaporation.
c. Allow plates/dishes to sit at room temperature for 30 minutes before proceeding
to next step, after removing from 2–8-degree fridge.
7. Gently tilt cultureware to one side and remove excess solution using a serological pipette.
8. Wash cultureware using CellAdhereä Dilution Buffer.
a. Use 1 mL per well for a 6-well plate.
b. Use 6 mL for a 10 cm (100 mm) dish.
c. Use 0.5 mL per well for a 12-well plate.
9. Wash cultureware with mTESR media.
a. Use approximately 2 mL for a 10 cm (100 mm) dish.
10. Add the correct volume of mTESR plus Ri, according to table 1.
Thawing Cells
**This protocol is adapted from Allen Institute of Cell Science’s “Thawing AISC Cells”
protocol.
1. Prepare a 15 mL conical tube with 5 mL of RT mTESR1 + Ri.
2. Carefully remove vials from liquid nitrogen storage, venting the cap to relieve trapped
pressure.
3. Quickly thaw the frozen vials in the 37°C water bath until only a small ice pellet is
visible. Limit the amount of time cells are in freezing media at RT to less than 10
minutes.
4. Rinse outside of the vial with 70% ethanol (spray bottle) and dry before placing in a
sterile hood.
5. Using a 5mL serological pipette, slowly add 1 mL of RT mTESR + Ri to the cell vial. Do
not mix.
6. Aspirate the 1.5 mL volume of diluted cells from the vial.
7. Add the 1.5 mL diluted cells to the 15 mL conical tube from step 1. This will create a
total volume of 6.5 mL. Do not mix or disrupt cells at this point.
8. Spin cells at 1000 rpm (RCF=211 x g) for 3 minutes at RT (25°C) in a centrifuge.
9. Aspirate and discard the supernatant.
10. Resuspend pellet in 3-5 mL mTESR + Ri.
11. Seed cells in Vitronectin-coated vessels, according to table 1.
a. A vial of 1x106 cells thawed in a 10 cm dish will be ready for passage after 3
days.
b. Thawing into other sized vessels may alter the number of days until the cells are
ready for passaging.
12. Rock the vessel back and forth and side to side to spread out the cells evenly- do this 2-4
times.
a. Cells may settle and attach to Vitronectin within 2-3 minutes- keep plates on a
level surface to ensure proper settling.
13. Incubate cells at 37°C and 5% CO2 (standard incubator).
14. After 24-hours, change media to mTESR (no Ri) and observe cells on a microscope.
15. Change mTESR media (no Ri) every 24-72 hours.
a. If changing every 24-48 hours, 10-12 mL mTESR is appropriate.
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b. If changing after 72 hours (using mTESR Plus), double the amount of mTESR to
increase the amount of “food” for the cells.
i. Dead cells will build up in dishes or plates between feedings, so it is
recommended that feeding occurs every 24-48 hours.
Passaging and Maintaining AISC Cells on Vitronectin Coated Vessels
**This protocol is adapted from the Allen Institute of Cell Science’s “Passaging and
Maintaining AICS Cells of Plastic Tissue Culture Treated Vessels” protocol.
Cells are ready for passage once they reach 70-85% confluency and colonies are large and
smooth around the edges. See figures at the end of this protocol for desired colony appearance.
1. Warm Accutase in 37°C water bath
2. Bring mTESR to RT on bench
3. Aspirate and discard old medium.
4. Gently add 3 mL RT DPBS using the waterfall method (on the side of the dish), allowing
it to slowly cover the cells.
a. 3 mL for 10 cm dish
b. Refer to Table 1 for recommended DPBS amounts depending on vessel size and
type.
5. Aspirate and discard DPBS
6. Add 3 mL Accutase (for 10 cm dish)
a. See Table 1 for Accutase volumes, depending on vessel size and type.
7. Incubate for 3-5 minutes at 37°C
8. Check for detachment by gently tilting the vessel. If all cells have not detached, incubate
an additional 2 minutes, and check again.
a. Cells will be visibly detached utilizing the naked eye.
b. 5 minutes, on average, is the optimal amount of incubation time to detach most of
the cells.
c. Avoid incubating cells with Accutase for longer than 8 minutes.
9. Add 3-7 mL RT DPBS and gently triturate cell suspension by aspirating and then gently
rinsing the cells across the vessel surface 6-10 times.
a. 3 mL DPBS was appropriate for a 10 cm dish for this step
b. Use zigzag, windshield wiper motion for trituration
c. Avoid introducing bubbles
d. Use a 5 mL serological pipette
e. Less trituration is appropriate when small clumps (colonies) are desired.
f. More trituration is appropriate for cell counting or when colonies are not desired.
10. Transfer cell suspension to prepared 15 mL conical tube
11. Rinse the vessel one time with 7 mL DPBS. Add this to the conical tube as well.
12. Spin cells at 1000 rpm (211 x g) for 3 minutes at RT.
13. Carefully aspirate and discard DPBS/Accutase supernatant from the cell pellet.
14. Resuspend in 10 mL mTESR + Ri (for 10 cm dish)
a. Resuspension volume depends on vessel size and type- refer to Table 1
15. Seed cells into prepared vessels of desired size and type.
a. See table 1 for vessel size, type, the ideal number of cells, and days to confluency.
16. Tilt vessels side to side and front to back after seeding to distribute cells
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17. Label vessels with date, initials, passage number, passage ratio, and any other desired
information.
18. After 24 hours, replace mTESR + Ri with mTESR (no Ri) and observe cells under a
microscope.
19. Change media every 24-72 hours.
a. Use 10-12 mL mTESR when changing media every 24-48 hours.
b. Use double the amount of mTESR when changing media every 72 hours.
c. Dead cells and debris build up in dishes when media is not changed frequently
enough. For this reason, it is recommended that media be changed every 24-48
hours.
20. Cells may be ready to passage again in 2-5 days, depending on passage density. Observe
cells every 24 hours to correctly determine the length of time needed between passages.
Cell Freezing (Cryo-preserving)
**This protocol was adapted from the Allen Institute of Cell Science’s “AISC Cell Freezing
(Cryo-Preserving)” protocol.
1. Prepare fresh Freezing Media.
a. Freezing media should be prepared 10 minutes-6 hours in advance and discarded
if not used after 6 hours.
b. Freezing media is prepared with mTESR, 30% KSR, and 10% DMSO
i. For 10 mL volume: 6 mL mTESR, 3 mL KSR, 1 mL DMSO
ii. mTESR without Ri is used in freezing
iii. 0.5 mL of freezing media is needed per cryovial desired
2. Prepare freezing containers or obtain preferred freezing containers
3. Label Cryovials
4. When cells are at 70-85% confluency, detach and pellet using Accutase according to
Passaging and Maintenance protocol.
a. Resuspend in 10 mL mTESR + Ri (for 10 cm dish)
i. Use table 1 to determine correct resuspension volume depending on vessel
type and size.
5. Count cells or estimate based on confluency
6. Calculate mL of cell suspension needed using the following equation:
a. !" $%&& '(')%*'+,* -, ')+* .,/* =

# #$%&' ()'$*)( + ,+,-!
#

"#$$%
&'

b. Calculate enough cells for 1 extra cryovial to account for pipetting error.
7. Pellet cells to be frozen in a 15 mL conical by spinning at 1000 rpm (211 x g) at 3
minutes at RT.
8. Resuspend cells in the appropriate volume of fresh freezing media (0.5 mL per vial of
1x106 cells).
9. Aliquot 0.5 mL of cells in freezing media into pre-labeled and prepared CryoVials.
a. To ensure cells are uniformly mixed, pipette up and down in freezing media
mixture.
b. Work quickly to ensure cells don’t settle to the bottom of the serological pipette.
10. Tightly close vial caps
11. Transfer CryoVials to freezing container and place containers in -80°C freezer.
a. Limit time that cells are in Freezing media at RT to 10 minutes or less.

Kennedy (2022)
12. After 24 hours, transfer CryoVials to liquid nitrogen for long-term storage.
a. Do not leave CryoVials in -80 longer than 96 hours.
Confluency Figures for Reference
**These figures were obtained from the Allen Institute of Cell Science’s “Culture and
Freezing Methods for WTC Derived AISC hiPSC Lines” protocol.
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Neural Differentiation Protocols
**This protocol was adapted from the “Human iPSC Culture and Neural Induction”
protocol provided by Heather Nelson.
Materials
•
•
•
•
•
•
•
•
•
•
•
•

Plates- 12-well plates suggested
Vitronectin coating materials or Laminin coverslips
hIPCs suspended in mTESR plus Rock Inhibitorä
E6 Medium
Neurobasal Medium
100X B27- diluted to 100X concentration
100X N2- diluted to 100X concentration
Automated Cell Counter (i.e., Countess 3)
Micropipette- various sizes
Filter micropipette tips- various sizes
Serological pipette and tips
1000X LDN-193189 HCl- diluted to 1000X concentration

•
•
•
•
•
•
•
•
•
•
•
•

1000X BGJ- diluted to 1000X concentration
1000X CHIR- diluted to 1000X concentration
1000X FGF- diluted to 1000X concentration
1000X SAG- diluted to 1000X concentration
1000X Retinoic Acid (RA)- diluted to 1000X concentration
1000X WntC59- diluted to 1000X concentration
1.5 mL Eppendorf tubes
15 mL conical tubes
50 mL conical tubes
Pen/strep antibiotics
Trypan Blue dye
mTESR plus RI
Procedure
1. Once iPSCs are suspended in mTESR plus RI, take 10 µL of suspension and mix with 10
µL of Trypan Blue
a. Utilize micropipette and filter tips for this step
2. Mix gently by pipetting up and down with a micropipette

3. Load dye and cell suspension into cell counter slide provided by the counter
manufacturer
4. Use cell counter per manufacturer instructions in cell counter handbook
5. Complete serial dilutions to obtain the desired number of cells per well
a. Images provided at the end of this protocol to visualize cell densities at varying
numbers of cells per well (Figure 1)
b. Utilize mTESR plus RI to complete serial dilutions
c. Ensure proper cell mixing between seeding and completing dilutions by gently
pipetting cell suspension up and down
6. Seed 1mL (per well) of diluted cell suspensions, as desired, into 12-well plates containing
Laminin coverslips or Vitronectin (suggestions provided below)
a. Lower densities may be seeded if desired
i. Remove mTESR plus RI and replace it with mTESR (without RI) and
allow cells to sit for another 24-hours
ii. Cells will become denser
b. Vitronectin provides very dense colonies of neurons after differentiation but can
begin to peel in denser wells
i. Seeding lower densities (per well) is recommended if using Vitronectin
ii. Check cells each day to determine the peak level of neuronal
differentiation
c. Laminin provides less dense colonies of neurons that may die after shorter
differentiation periods
i. Seeding at higher cell densities is recommended for use on Laminin
ii. View cells each day on a microscope to determine when the peak number
of neurons are present
iii. Peak neuron density could occur as early as day 7 in the neural
differentiation process when using Laminin
7. Rock plates back and forth to distribute cells evenly
8. 24-hours post-seeding- withdraw mTESR plus RI
9. Prepare and add factors as indicated by the table below
a. Measure factors using a micropipette and filter tips for accurate measurements

b. Add Pen/Strep all E6 mixtures to prevent contamination
i. 100 µL Pen/Strep per 1 mL E6
c. Add 1 mL of E6 (plus factors) per well in a 12-well plate per day
d. Aspirate wells utilizing a serological pipette
i. 5 mL pipette tips are recommended
10. Neurobasal plus N2, B27, and pen/strep should be utilized after day 4
a. Thermo Fischer Scientific recommends this medium as being optimal for neural
differentiation and growth on a longer-term scale
i. B27 and N2 are utilized to promote neuronal growth
b. Alternatively, E6 can be utilized after day 4
i. Thermo Fischer Scientific states that this medium does not contain
restriction proteins
ii. E6 is recommended for short-term use only
iii. This method has not been recently tested at WSU
Table 1: Differentiation Factors by Day

Factor

Day 0

Day 1

Day 2

Day 3

Day 4

Day 5

mTESR

E6 +

E6 +

E6 +

E6 +

Neurobasal Neurobasal

plus RI

LDN +

CHIR +

BGJ +

SAG +

plus B27

plus B27

BGJ +

FGF

SAG

RA +

and N2

and N2

CHIR

Day 6 (on)

WntC59

Note: Add 1 µL of LDN, BGJ, CHIR, SAG, FGF, RA, and WntC59 per 1 mL of E6. Add
100 µL B27 and N2 per 1 mL of Neurobasal to aid in neural differentiation.
11. Visualize cells each day by utilizing a basic microscope
a. Record changes daily
b. The peak day of neuronal differentiation and growth can vary between 7 and 15
days
i. This depends on the substrate utilized (Vitronectin Vs. Laminin), cell
density, and other unknown factors
ii. Observe cells carefully each day to prevent cell death
12. Visualize neurons via confocal microscopy at peak neuronal differentiation and growth

Figure 1: Plating Densities at 24-hours post-seeding (Protocol Day 1)

Figure 1 shows plating densities previously tested. A. 100,000 cells per well. B. 33,000 cells
per well. C. 11,000 cells per well. D. 3,666 cells per well. E. 1,200 cells per well.
Cell numbers based on cells/mL suspension value provided by Countess 3 cell counter.

Figure 2: Neuronal Growth

Figure 2 shows some examples of neuronal growth observed when utilizing this protocol.
These cells were observed on Vitronectin-coated 12-well plates. Neurobasal plus B27 and
N2 were utilized past day 5 of the differentiation protocol.

